Purpose This study aimed to explore the incidence of empty follicle syndrome (EFS) in oocyte donors who had final oocyte maturation triggered with GnRHa and to compare the incidence of EFS in this group of patients with IVF patients who had final oocyte maturation with hCG.
Introduction
During recent years, after the introduction of the GnRH antagonist protocol for clinical use, a single bolus of GnRH agonist (GnRHa) for final oocyte maturation has been proposed as an effective strategy to prevent OHSS and as a first line protocol for treatment of oocyte donors [1] . Recently, however, two case-reports described empty follicle syndrome (EFS) after GnRHa triggering in OHSS risk patients, despite the presence of a large number of apparently mature follicles at the oocyte pick-up (OPU) [2, 3] .
EFS is a condition of uncertain etiology in which no oocytes are retrieved from apparently normally growing ovarian follicles with normal estradiol levels after ovarian stimulation for assisted reproductive techniques (ART). The incidence of EFS after hCG triggering in IVF patients has been estimated to be about 2-7% [4] . The available literature describes two subtypes of EFS; the so called genuine EFSpresumably related to intrinsic ovarian factors -and false EFS, mainly related to pharmacological problems or human administration error. Several hypotheses as to the background of EFS after hCG triggering of final oocyte maturation in gonadotropin stimulated cycles have been proposed: early oocyte atresia due to a dysfunctional folliculogenesis in the presence of an apparently normal hormonal response [4] , a biological abnormality in the supply of mature oocytes to be retrieved despite normal bioavailability of hCG [5] , genetic factors such as LH/hCG receptor mutations [6, REF 22 from Yariz 2011] , abnormalities in the in vivo biological activity of some batches of commercially available hCG or GnRHa [7] , rapid clearance of hCG by the liver [7] , pharmacological problems [5, 8, 9] and human error [5, 7, 10] -in particular inappropriate timing of the triggering bolus of hCG [8] . Moreover, advanced ovarian ageing is considered a risk factor for EFS recurrence, probably due to altered folliculogenesis [6] .
Although previous studies have shown that GnRHa effectively stimulates ovulation and final oocyte maturation [11, 12] , there are significant differences between the GnRHa induced LH surge, the LH surge of the natural cycle and the continuous LH-like drive from a bolus of hCG. Thus, the LH surge of the natural cycle is characterized by three phases with a total duration of 48 h [13] as compared to the GnRHa induced LH surge, consisting of only two phases with a duration of 28-32 h [12, 13] . In contrast, a bolus of 10.000 IU hCG induces a LH-like activity still measurable in serum for 9-10 days due to the long biological half-life of hCG [14, 15] . Bearing in mind these differences, the background of EFS after hCG triggering may not be the same as after GnRHa triggering.
Until now, no study explored the incidence of EFS after GnRHa triggering. The objective of the present study was to retrospectively analyze from a large database the incidence of EFS depending on mode of triggering: GnRHa or hCG.
Materials and methods
Data including 2034 oocyte donation cycles and 1433 IVF cycles performed between years 2009 and 2010 was retrospectively analyzed. All oocyte donors were triggered with GnRHa for final oocyte maturation during this period of time. Only IVF patients under 35 years of age were included and EFS was defined as the complete absence of oocytes after retrieval.
Stimulation of donors
Donors were pre-treated with OCP (Microgynon30®, Organon) from day 1-2 of the menses of the previous cycle for 12 to 16 days. After a wash out period of 5 days after the last pill, stimulation commenced with a starting dose of recombinant FSH (Puregon®, Organon; Gonal F®, Serono) ranging from 150 IU to a maximum of 225 IU and 0.25 mg daily of the GnRH antagonist ganirelix (Orgalutran®, Organon) was introduced on day 5 or 6 of stimulation. As soon as two leading follicles reached ≥17 mm mean diameter, two ampoules of triptorelin 0.1 mg (Decapeptyl®, Ipsen Pharma) were administered and OPU was performed 36 h later.
Stimulation of IVF patients
IVF Patients were treated according to the same protocol as oocyte donors, i.e OCP pretreatment and stimulation with recombinant FSH followed by GnRH antagonist co-treatment. The only difference between IVF patients and donors was that IVF patients received rec hCG 250 microgr (Ovitrelle, MerckSerono, Spain) s.c. for final oocyte maturation as soon as two leading follicles reached ≥17 mm in mean diameter; OPU was performed 36 h later.
Statistical analysis
Categorical data were expressed as number and percentage, and numeric data as mean ± SEM. Statistical analyses were performed with the chi-square test and double-sided t test. Significance was set at .05. All statistical calculations were performed using Sigmastat for Windows 2.0 (Jandel Scientific, San Rafael, CA).
Results
A total of 2034 oocyte donors and 1433 IVF patients were included in this analysis. Even though all donors and patients were under 35 years of age, donors were significantly younger than patients (25.1±3.8 vs 31.9±2.3 years, p<0.01). Similarly, donors had a higher peak serum estradiol level (1892±1200 vs 1702±1050 pg/mL, p<0.01) and a higher number of MII oocytes retrieved (9.8±4.3 vs 7.2±4.6, p<0.01). Importantly, the incidence of EFS in the two groups, did not differ significantly (3.5% vs 3.1%, n.s.) ( Table 1) . Table 2 shows cycle characteristics in cases of EFS versus non-EFS in donors and IVF patients. As shown, no differences could be found between age or peak estradiol levels. However, differences were found in the total dose of FSH administered: EFS donors received a lower dose of FSH (1660±402 vs 1791±477 (p00.02)), whereas EFS IVF patients received a higher total FSH dose (1780±574 vs 1573±543 (p00.02)).
In IVF patients when the cause of infertility was evaluated regarding the occurrence of EFS vs non-EFS, a statistical difference was notice in normoresponder patients 37.8% (17) vs 54.7% (785) p00.006 and low responder patients 24.4% (11) vs 12.6% (175), p00.01; whereas no differences were noticed for polycystic ovary 17.8% (8) vs 10.6% (147), p00.07; endometriosis 11.1% (5) 
Discussion
This is the largest analysis until now exploring the incidence of EFS after GnRHa triggering versus hCG triggering in more than three thousand patients. The analysis shows that the incidence of EFS seems to be similar regardless of whether GnRHa or hCG triggering is used for final oocyte maturation EFS is a rare and frustrating complication of IVF, leading to cycle cancellation. As described previously, the exact etiology of EFS after hCG triggering is not fully explained. A systematic review reported that 67% of cases were so called 'false forms' of the syndrome mainly related to human error or pharmacological problems [16] . Regarding pharmacological abnormalities in the in-vivo biological activity of some batches of commercially available GnRHa, these have been described for hCG [7] ; however, no data is available for GnRHa.
In genuine EFS, dysfunction of the folliculogenesis seems to be the most plausible etiology [23, 24] . In fact, when we analyzed the etiology of infertility in the IVF patients group, we found a higher proportion of PCO and low response and a lower percentage of unexplained infertility, which supports the concept of dysfunctional folliculogenesis. However, the donor population who had GnRHa trigger in our study challenges this concept. Donors are young healthy women in their early twenties with normal ovarian reserve; thus, it is logical to assume that dysfunctional problems would be lower in this population, although as observed, not negligible.
As previously mentioned, in contrast to hCG triggering, the action of a bolus of GnRHa is indirect via the endogenous release of LH and FSH from the pituitary after binding to and activation of the GnRH receptor [11, 12] . Thus, EFS after GnRHa triggering may represent a different pathology as compared to EFS after hCG triggering.
As the pituitary is the target organ for GnRHa, one might assume that under temporary or permanent dysfunctions of the pituitary, a sufficient flare up effect will not be achieved, resulting in a deficient final follicular maturation and EFS. An example of this is the hypogonadotropic/hypogonadal patient (WHO type I) who is characterized by endogenous levels of LH and FSH below 1.2 IU/l. GnRHa triggering in this type of patient will invariably result in EFS due to the induction of an insufficient surge of gonadotropins. In line with this concept, we could hypothesize that a "borderline" patient with low circulating levels of LH and FSH, however still above the hypo/hypo level would also run the risk of EFS after GnRHa trigger.
Other examples of patients who could be hypothesized to develop EFS after GnRHa triggering are patients with a GnRH receptor polymorphism [25] , necessitating a higher dose of GnRHa to activate the receptor in line with the FSH receptor polymorphism (Ser/680 FSH-R) [26] . The same would account for patients with a LH receptor polymorphism [27] . Finally, patients with a variant LH β gene polymorphism specifically in the homozygous form, resulting in a less bioactive LH molecule [28, 29] might be at risk to have a blunted response after GnRHa trigger.
One drawback of the present study is its retrospective design. In fact, when evaluating a large population for any clinical parameter, statistically significant differences may arise, however their clinical relevance needs to be interpreted with caution. In our study, as expected, the donor population was younger and had higher estradiol levels as well as a higher number of eggs retrieved. On the other hand, these discordances between groups, albeit significant, do not defeat the purpose of the study because the physiological action of a bolus of GnRHa on the pituitary to induce final follicular maturation in GnRH antagonist cycles is independent of age, type of COS and even ovarian response, as described in ovulation induction cycles [17, 18] normoresponder IVF patients [19] hyperresponder patients [20] as well as donor population [21] . Hence, there is no reason to presume that GnRHa for triggering may act differently in donors and IVF patients. Alternative study designs to address the incidence of EFS could be the comparison of donor cycles triggered with hCG vs GnRHa, however, in view of the vast evidence in terms of security and comfort of GnRHa triggering in donors [1] it would be unethical to proceed with such a study, only for "scientific" purposes. Another valid (and feasible) approach would be the inclusion of IVF patients triggered with hCG vs GnRHa, and ongoing studies are following this line. Moreover, one must take into account that some patients could be potential donors (e.g. IVF patients under 35 years old with male factor) and some donors may end up as patients in the future, so if both groups are young, it seems legitimate to present the current data. Finally, it seems that no specific protocol is related to the occurrence or recurrence of EFS [6] . In a further effort to identify specific characteristics of EFS cycles, we evaluated cycle features in EFS vs non-EFS. Interestingly, EFS cases received a lower dose of FSH in donors whereas the opposite occurred in IVF patients. As mentioned before, these differences, when looking at the absolute numbers, in fact are meaningless from a clinical point of view. Regarding the etiology of infertility in IVF patients, it seems that EFS cycles were more likely to occur in low responder patients compared to normal responder patients; this finding supports the hypothesis of an altered folliculogenesis as a plausible underlying cause of EFS; in donors, basal characteristics such as BMI or AFC were similar between EFS vs non-EFS cycles. Unfortunately, we were not able to retrieve further data from donors/patients such as basal day 3 hormones or the total number of mature follicles in order to understand these differences observed.
In conclusion, this large analysis shows for the first time that the incidence of EFS seems to be similar after GnRHa and hCG triggering. As in EFS cases seen after hCG, the exact reason for failure after GnRHa triggering remains uncertain. Most cases of EFS after either hCG or GnRHa triggering are related to human error, and, thus, a meticulous counseling and instruction of the patient prior to oocyte retrieval is of outmost importance.
